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No. 4 302 204 «r r i 4.543.535). ribosomal RNA »„h ' 5,> nuc,e,c acids from 

^ r.com"„ a m.i h N e A .IX"" ^I*"' No if 2 S» N?,ct"' Sh ? ' en ' P, ">«<=««<>" No. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 0NA x the n 1 • '' ~ " w "'"a M'ooe (r-igs 

^agent affixed" o ^h*^ £ be identif '^. b the labeled orob.' T'tK re f resen,s vector-derived 
of labeled vector w S °l' d Carrled - and F < h * «««e When sevlT ,d ? nu, Y>"9 ™cleic acid 
being formed Thirr^ nUC ' e,C acid naf <* increase^ nd Z ff'V™ USed ' ,he fl^ntity 

fin Wne. ^ X aV^of^udic 3 ; 6 m<>re ^ * ' abe ' * b ° U ° d to ,he h ^rids 

«- - ^.ich 



55 



60 



2 



GB2 156 074A 2 



10 



20 



25 



Fig. 1 hybridize. At this time the distance of the vector-derived nucleic acid oaris from ,h« 

SS?H l f ,0n ,0in!n9 P ° in, { ! ) d CreaS6S (Fi9 - 1) ' and ,he hybrid ™ • « able thanThe hybrid - 
o med by one reagent pa.r (pr.or art) shown in Fig. 2, this hybrid being of the same size as the " 
otal area of the array of nucle.c acid fragments. The vector-derived parts of a hybrid formed - " 
from one reagent pa.r are easily broken by. for example, mechanical strain, such ■ s shakTnq In " ; i 5 
such a case the label already bound to the hybrid escapes snax.ng. in ., 5 

S.nce the improved nucleic acid reagents according to the invention are more sensitive than 
prev.ously used nucleic ac.d reagents, they are suitable for demonstrating chromosomal 

rearrangements and .hereditary diseases. ' ° 

Our invention relates" to nucleic acid reagents comprising an array of nucleic acid fragments 1 0 
their combinations, their preparation, and their use for the detection of nucleic acids in 
hybridization methods. 

The characteristics of the invention are shown in the distinguishing features of the claims and 
1 5 drawings iTwhfch 9feater deta " ^ fo,lowin9 description and in the acompanying 

Figure 1 shows an array of sandwich hybrids, 15 
Figure 2 depicts a sandwich hybrid of the prior art. 

Figure 3 shows the sites of two alternating series of nucleic acid fragments in a nucleic acid 
20 mventioT selected for the preparation of an array of nucleic acid reagents according to the 

fragments 4 COrreSponding sites of three alternating series of arrays of nucleic acid 

»« F 'f^ re ,t? h °yi ar l arraV ° f nUC ' eic acid fra 9ments according to Fig. 3 separate (a), joined 
together (b) and both separate and joined together (c), 
25 Figure 6 shows an array of sandwich hybrids, 

used"' 6 ^ Sh ° WS a " 3rray ° f Sandwich h y bri ds which is formed when separate fragments are 
used 9 "^ 6b Sh ° WS an array ° f sandwich hybrid which is formed when joined b-fragments are 
30 b-ffagmems te used" ^ ° f Sandwich hybrids which is formed when bothseparate and joined 30 
Figure 7 shows an array of nucleic acid reagents which identify different nucleic acids 
Figure 8 shows an array of sandwich hybrids which are formed when the array of nucleic acid 
reagents according to Fig. 7. identifying different nucleic acids, are used 
35 Figure 9 shows an array of hybrids formed by a direct hybridization method « 
higure 7 0 shows the recombinant plasmid pKTH1220 

frfJ^LZJ 1 show * an arra u y of sa "dwich hybrids which is formed when an array of nucleic acid 
fragments prepared from the recombinant plasmid pKTH1 220 are used 
Figure 12 shows the recombinant plasmid pKTH1271 

40 irfJ^ZJ 3 Sh ° W i V 3rra u y ° f sandwich hybrids which is formed when arrays of nucleic acid 40 
fragments prepared from the recombinant plasmid pKTH 1271 are used 

Th2« l? V r t,0 r rel3teS t0 " ucleic acid reagents composed of an array of nucleic acid fragments. 
These arrays of nucleic ac.d reagents comprise at least two. but preferably several, alternating 
45 ^H ripnif h ? 6nt$ ' UP k 20 fra ? mems ' wh ich are derived from one or several nucleic acids 

n ' V homolo 9° u s to the nucleic acid which is to be identified. Thereby there are obtained 45 
at least two senes of alternating arrays of nucleic acid fragments, which must not be 
homologous to one another. 

frJ^ e ,K rr f yS °! nuc,e . ic acid reagents can be prepared synthetically. In this case the fragments 
™ If-h .k ,wo J alte 1 rnatm 9 s er'es of arrays of nucleic acid fragments, must not be homologous to 

bfLnHroH tV V , mUSt be su,ficien,| y homologous to alternating sites in the nucleic acids to 50 
De identified. These fragments can easily be prepared by fully automatic machines after 
characterization of the nucleic acid sequence of the nucleic acid to be identified 

r he nucleic ac.d reagents according to the invention are composed of separate, or joined or 

j both separate and joined array of nucleic acid fragments. 

totlll! rfPwnW 0, f nUCl f iC 3Cid fra 9 men,s ma Y be joined to a vector, contain parts of vectors, or be 55 
totally devoid of vector parts. 

.Jffr n^ll e i C a .° id fra 9/ nents . used have a minimum length of 1 5 nucleotides. There is no actual 
upper limit for length but it is advantageous to use fragments having a length of 20-5000 
nucleotides. The nucleic acid fragments according to the invention are derived either from the 
OO genome to be ident.f.ed or from one part of the genome, for example from a relatively large 60 
I r . epresem,n 9 a Part of the genome. The arrays of nucleic acid fragments according 

to the invention can thus be prepared from several independent genome areas which are not 
directly adjacent. The arrays of nucleic acid fragments thus prepared are combined and used for 
fij - lfZ B 'f. 39 ?™- J he arra r s ©'.nucleic acid fragments can also be isolated from a DNA which 
65 is not identical to the nucleic ac.d to be identified but sufficiently homologous, so that a stable 65 
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hybrid is formed between th^ r **tf \ ^ , 

suited arrays of nudeTacio a^en^sbl n^^ b * ' dentified - Th * Preparation 

nucleic acid fragments from the oenome Th« V S '' mi,ed to the isolation of suitable 
prepare such arrays of many equally useful methods ,o 

fragments by synthetic or semisynthetic methods " C8 ° Pr6p3re 3rra V sof nu c.eic add 

also composed of nucleic add l ° ,he Series b - b > S etc 

nucleic acid fraomen.c k=i :__ * m .. IS s,t . uate d close to but not adjacent to one another 

etc. and those belonging to the series* 



nucleic acid ^■m^W^^"^.' d fa V" "? The 
h b 2 . b„ etc. must not be homologous to each other 3 .' tT "7* t t?" be,on 9 in 9 to the seri 



belonginq 

isolated in suchVwa'ythat eve™ second*, th ° Se ^i™ 9 " 

the b-series. as s h««,A in r : : , y .^ on V ra 9™"' belongs to the a-series and everv «o<-«r.w 



,u. . . - ""t "'oi every second fraq 

he b-ser,es. as shown in Fig. 3. In Fig. 3 a a a anH !■ i , — r-cono 

f "gments suf iciently homologous to The nucleic acid to t'i^ .V? f r - ays ° f nuc,eic acid 
2S e m^f_^ C,ei f acid fra^ent series!".^ tV^Zt l % »! ' ?' • P°-b.e 



acid as shown In ^.4.1 K P eT.Ttfi'a^ " iS °' ated '™ Sa ™ - 'e c 

^^^^ ~ — - 



35 



40 



and b,-b 3 -b 3 , etc. (Fig. 5b) It is'ofZIiTr' . l "9emer mto longer strands a, 
such as. for example, an a-ser.es in which a' fs ato' ^7^* a " Wnds ° f "Mediate forms 

25 « z b - series - f - ~- a'TOteswa^ as 

in ^ays^ - array of sandwi , h ^ 

which the labeled array of nucleic acid irt™ . separa . te - F '9- 6b shows an array of hybrids in 
_ which an array of sandwich hvbruZ* <^?™!J«™* t0 ? ether " Pi 9- 6c d epicts a case in 
30 nucle.c acid fragments. In Fig 6. x reVisem. • """^ 3nd se P a ^te labeled arrays of 

represent the labeled probe, and a J and L aC ' d l ° be id entified; b,. b,. and b, 

to a solid carrier. 3 " 3 " and a > represent arrays of nucleic acid fragments affixed 

Nucleic acid fragments which belong to the h «ri*e 
W ?Y « h at a labeled nucleic acid reagen? is obtained ft fn' ° r ? xam ^ e - be ,abeled in such a 
wh.ch belong to the a-series can b f af fixed \ xo a 2d , ^ !" The nudeic acid rea 9en«s 
reagent A bound to a solid carrier is obtained It £ nf S . UCh 3 W3y ,nat 3 nuc,eic acid 

labeled nucleic acid reagent A. an "a c SDO i a ° T' 56 ' ^natively possible to prepare a 
earner. a corresponding nucle>c acid reagent B bound to a solid 

Such nucleic acid pairs A and B or B d a 
can be prepared for several different nucleic acid, u ^ res .P ective| y a «ixed to a solid earner 
suitable nucleic acid reagent combinations wnth I ^ent.f.ed. They can be combined into 
pa.rs A, and B,. Aj and B„ A 3 and B !e"c or B and aT^, °' di,ferem nudeic acid '"9*™ 
containing arrays of nucleic acid fragments' which td^' 5?«" d A " Bj and A " e,c " R ea 9 en«s 
combined so that a probe A.- A -zfis obtained !lh I / Y d,,,erent ™cleic acids can also be 
45 nucleic acid fragments (3,-3,-3" ) -fa -I Vll "? Ch ' for exar "ple. comprises an array of 

and a 3M are arrays of nucleic acid f»am»nt. V u~?. J "f :,) " as shown in Fig. 7. in which a. . a, 
arrays of nucleic acid fragment i ^ wffc denl tr"'^^^ 3C,d X; "* and a - are ' 
nucleic acid fragments A, which Sentify , nuc£c ac?^ , L° w C ' d V '' 3 "' *" 3 " d 3 " are arrays °' 
part. Joined arrays of nucleic acid fraomPo. J , ' 3 " d v ,s a v ector-derived nucleic acid 

as^suitable mixtures. 'ragments can. of course, also be used as separate fragments. 

in Fig 3 . T^mu^^us idenS^ by using the reagents shown 

co^ s .^nj>cessar7Tra-e^^ desired, it is. of 

■denti?7inirtnYWc1^ 

solid carrier identifying the nucleic acid t i„ ,de " lif y in 9 ,he nucleic acid y. and Fig. 8c a 

nucleic acid fragments affixed ,0 a solid carrier 8C ' b '" a " d b " are arrays of 
arrays of nucleic acid fragments affixed I to I l.id ,den,,f y' n 9 «he nucleic acid x; b„ and b,, are 
b„ and b„ are arrays of nucleic "add Ihaam JfJtF'T 3 " d iden,if y in 9 the nucleic acid y: and 
nucleic acid z: and x. y and z are The nudS ^acidsT^ 0 5 ^ C3rfier 3 " d identi 'V"9 «be 
respective solid carriers or filters AAA be ,dent,f,ed - P.. F, and F, are the 

simultaneously, if separate solid 'r ar ',;»/o - ' S 3 ^ e wh,ch identifies all the three nucleic acids 

tl _ _ i_ ' ^ ^ t-drriers are use»rl 

. The above-described nucleic acid fraampm 

prepared by recombinant-DNA techniaues W Senes ' rea Qents and reagent combinations can be 

Afferent lengths are generated by usino riT«? W ." Per 5e ' A number of nucleic acid fragments of 
:^ — .:t:.^ . 9 . y lcu - °y us, ng restriction en7vmoc f^^. ^^.^ 
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known, it is possible to select from the genome the suitable adjacent fragments, generated by 

using restriction enzymes, and the fragments are isolated and amplified by using recombinant ~r 

DNA techniques. 

When an unknown genome is involved, an intermediate stage can be used in the preparation - " 
5 of the reagents, in such a way that a relatively large restriction fragment is cloned, this fragment 5 
is mapped, and the arrays of nucleic acid fragments series a,. a 2 , a 3 . etc., and b„ b 2 , b 3 etc., are 1 
produced on the basis of the information thus obtained. 

It is, of course, possible to use combinations of the above methods and to use several large 
separate cloned restriction fragments as starting material, and to prepare several separate series, 
10 which are combined to form suitable combinations. 10 
It is advantageous to prepare the nucleic acid fragment series a,, a 2 , a 3 , etc., and b,, b 2 , b 3 , 
etc., according to the invention by using recombinant-DNA techniques in such a way that the 
series a is cloned into one vector, for example into the plasmid pBR322, and whereas the series 
b is cloned into another suitable vector, which does not have sequences in common with the 
1 5 previous vector. The bacteriophase M1 3 is an example of such a second advantageous vector. 1 5 
The fragments belonging to the series a can be joined to one another, and the joined series can 
be cloned into one vector. For example, a,-a 2 , joined together, can be cloned as a continuous 
insert into the same pBR322 vector. In a corresponding manner it is possible to prepare a 
reagent series b,-b 2 . In the cloning it is preferred to use vectors to which very large inserts of 
20 foreign DNA can be joined. For example, lambdaphage and cosmid vectors are suitable for this 20 
purpose. 

Thus, two reagent pairs comprising arrays of nucleic acid fragments are needed in the 
sandwich hybridization method according to the invention, a reagent labeled with the label 
substance to be identified, i.e. a probe, and a so-called filter reagent affixed to a solid carrier. 

25 Most commonly, radioactive isotopes are used for labeling the probes. For example in the 25 
British Patent Publication No. 2,034,323, the US-Patents Nos 4,358,535 and 4,302,204 the 
following isotopes are used: 32 P, ,JS I, ,3 M and 3 H. In the European Patent Publication No. 
79,139, the isotope ,25 l is used. Nucleic acid probes have also been modified in different ways 
and labeled with, e.g. fluorescent labels (French Patent Publication No. 2,518,755). Also 

30 enzymatic or enzymatically measureable labels are used (the British Patent Publication No. 30 
2,019,408, the European Patent Publication No. 63,879 and the French Patent Publication No. 
2,519,005). The European Patent Publications Nos 70,685 and 70,687 describe a light- 
emitting label and labeling method, and the French Patent Publication No. 2,518,755 describes 
an immunologically measurable label. The lanthanide chelates described in US-Patent No. 

35 4,374,120, especially europium, can be used as label substances. Also the biotin-avidin label 35 
substance described by Leary et al. (PNAS 80, 4045-4049, 1983) is suitable as a label. A few 
examples of labels which can be used for the labeling of nucleic acid reagents according to the 
invention are mentioned above, but it is evident that there will be developed new, improved 
label substances which are also suitable for the labeling of arrays of nucleic acid fragments 

40 according to the invention. 40 
The carriers suitable for filter reagents include various nitrocellulose filters (US-Patent No. 
4,358,535 and the British Patent Publication No. 2,095,833). The DDR-Patent Publication No. 
148,955 describes a method of binding nucleic acids chemically to the carrier (paper). 
, US-Patents Nos 4,359.535 and 4,302,204 describe chemically modified papers which can be 

45 used as solid carriers. Other alternatives include nylon membranes and modified nitrocellulose 45 
filters. But it is evident that there will be developed new materials which will be even more 
suitable for use as solid carriers according to the invention. It is, of course, possible to use also 
other solid carriers, such as various chromatography matrices such as triazine- or epoxy-activated 
cellulose, latex, etc. In principle, there are no other limitations to the selection of the solid carrier 

50 than those to be described below. It has to be possible to affix nucleic acid in a single-stranded 50 
form to the solid carrier so that these single-stranded nucleic acids can hybridize with the 
complementary nucleic acid. The solid carrier must also be easy to remove from the 
hybridization solution, or the hybridization solution must be easy to remove from the solid 
carrier. Also, the probe must not adhere to the carrier material itself so that it cannot be washed 

55 off. 55 
The above-described combinations of the arrays of nucleic acid reagent pairs A and B, or B 
and A, labeled and affixed to a solid carrier respectively, and from such nucleic acid pairs made 
for the identification of different nucleic acids it is possible to assemble a combination A, and B,, 
Ay and B v , A, and B,. 

60 These combinations can be used for the simultaneous identification of the nucleic acids, x, y 60 
and z by sandwich hybridization methods. 

. The sample is treated in such a way that the nucleic acids are released into the hybridization 
solution, and they are rendered single-stranded. The hybridization is carried out in a hybridiza- 
tion solution, to which both the nucleic acid reagents affixed to a solid carrier and the labeled 
65 ones are added. When hybridization has taken place, the filters are lifted from the hybridization 65 
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su.table washing solution The arraJc «f • u u °/ . The sol,d car r'ers are rinsed with a 

by methods knotn p e .^Vrad^ac ive^ate'us ^sure?^ (FigS \ 8<,: 8b '' 8c > •'• *«•«.<! 
by a sc.nt.llation counter or by a oamma count., % measured ; for example, by autoradiography 
after, for example, a color reaction Ty photome ry ^ orfZ h T*™^ ' abe ' h 
chelates can be detected by a so-called ''time resolveJ ??luorJ^ ° 3 pracipi,ate - «-anthanide 

.""SiS^ method - An im ~ icaI 

takes place at a temperature of 0-80 l C but is aa !^tan °" m,X ! ures " The hybridization 

of 65-C. Sufficient hybridization may occur n a ve™ llT* "Ft f ° r eX3mp,e - a temperature 
hybridization periods of. for example 1 2-20 P ' " '* advanta 9^us to use 

bJE IZllZ S.^^SS^'XSS i C a 3 S - I" W in the same manner, 
hybridization solution. When the hybridization V° * t « rr, er .s f.rst added to the 

known per se. In Figs. 9. F represen s^the sofid ^X^ 5 (F !?- 9 > ,s det ected by methods 
identified, and v ,h Tvec tor-derived parts The 1^'' ' k 6 * th& nudeic acid to b * 

and b 2 (Fig. 9b). and a,. b„ a " b a, "(Fig 9c) Pr ° b6S USed 3 " 3 > 3nd a > ( Fi 9- 9a). b, 

lh,m Sl^^.SS'd S^:SS B „? l ?£ llC - ,elC 3Cid rea96ntS be ™ ad * «P 
these combinations to identify seteSf differ^, o 9 > tne J nvent '°' 1 - It is possible by using 

acid fragments homologous to ^^f^'Z^^.^^ ttan ' ou ^- Arr3yS ° f nuc ' eic 
separate fragments in the mixtures n i^L , I ° ,ds t0 be ,den t'fied can be used as 
identifying several dSflE ™ud3i ac Ts oSameT 3 T^' th3t ° ne pr ° be 

carrier must, of course, be kept separate in £t ,K ^ ?^' d rea 9 ents affi «d to a solid 

Hybridization using arrays of nude c acid Si „, '^t.f.cation to be successful, 
human, animal and ?lant pathojwfc mic^ R t " US *t for . identif y in 9 various 

microorganisms present in foodstuffs wch aTdoJSdJ ^ " ' S P ° ssib,e to id * n tify 
cause food poisonings. The method Is suhabTe for hffdan.^r? a % S,aphy,OC ° Cci ' Which 
water, such as enterobacteria and enteroviruses ,den tri.cat,on of contaminants present in 

mfe?^ is a quantitative 

This characteristic is significani Tn'ToV eximil ^Vd^ 
formation of a stable array of hyo ids reaui?« .'hit . ? V °1 3nd treatment of «ncVr. "The — ' 
reagent and the filter reagent are i ocated within ! ,he w homolo 90us sequences of the probe 
distance from each otherln the sample st Znd I cha°n era,e '. preferabl V than 5 ki.obase (kb). 
these two areas do occur, the change is c eTrv ob2™£ ™ ,h ' espect to the distance between 
is also suitable for the detection tA^^Zn^^^^^" 1 ^- me,h ° d 
rearrangement of immunooloht.lin o»r,«J 7.T MINA - chromosomal rearrangements. -the 
possible 9 to con»tnJZ^^JS^M^rT° n - heredi,arv disea ^ " is thus 
For example, for the idenSaTon 0 Z ^S^ZZ^IZ^ °\ T*** ^ '"V™"*- 
prepare kits which include a orobp whirh ^« . 9 venereal diseases it is possible to 

by 

nanTpS^ the recomb, 

C^l^hTre^ 

recombinant plasmid 1 27 1 comprise in ^SimW C °"' K1 2 HB1 01 . The 

lovirus AD1 69. This recombinant?/ P'asm d vector pBR325. DNA from the cytomego- 

hosts containing the S£ p aim as ^O^nSS^V^V 2 HB ?01 " The 
the culture collection Deutsche SammlZ Cm !mx PKTH1271 have been deposited at 

D-3400 Gbttingen. West Germany Th^V^^T 9 ^^ (DSM) ' Griesebachstrasse 8. 
plasmid pKTH122d is SsM2825 Md^SJ nunle, ! d «P°sit containing the recombinant 
plasmid P KTH1271 is OMS2826 The deoolS Zn l f d 1 P ° S,t co °t a i"in9 'be recombinant 
application has been m"£ n„w£' deP ° S ' ,S W '" be free,v mailable once the patent 
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not, however be understood as limiting the protective scope of the invention. The structure of 

1 Lr*~ ei t C aC,<J (DNA HNA l iS . Simi,3r Wh6ther the « uestio " is of a nuc leic acid ierSJi from 
J^t? h ° r a r pr ^ ar V ot ! c ce,L For this re ason the principles presented in the examples are 
Th a P p,,Cab,e to the nuc,eic acids ° f animals (man included), plants and microbes or 
v.ruses. Thus the reagents according to the invention can be used to detect the nucleic acids of 
man, animals plants, microbes and viruses. The arrays of nucleic acid fragments can be 
prepared synthetically, too. The sequence of nucleic acids to be identified can be characterized 
and homologous arrays of fragments prepared by automatic nucleic acid preparation machines. 

Example 1 

nL A A / r3yS ° f nucleic acid rea 9ents from Chlamydia trachomatis and their preparation 
DNA fragments suitable for the diagnostics of the Chlamydia trachomatis group were prepared 
from the DNA of Chlamydia trachomatis serotype L2. The DNA was isolated and fragmented by 
known methods, and the resulting DNA fragments were cloned into the plasmid PBR322 and 
transferred to the host organism Escherichia coli K12 HB101, by known methods. A gene bank 
of the Chlamydia trachomatis L2 bacterium was obtained as a result of the cloning i e a large 
number of recombinant plasmids, each having a separate BamHI restriction fragment of DNA 
derived from chlamydias For reagent production, recombinant plasmids containing maximally 
large DNA inserts derived from chlamydial DNA were selected from the gene bank One such 
20 plasmid is the one designed pKTH1220, which has been deposited at the culture collection 

Deutsche Sammlung von Microorganismen under the number (DSM 2825) and the suitability of 
W i?Tu/2nJ! S -!, aS 3 rea 9 ent was demonstrated by a direct hybridization test. The test showed that 
PKTH1220 identified all of the nucleic acids derived from different Chlamydia trachomatis 
serotypes, but no other nucleic acids. 

The applicable fragments, obtainable by using different restriction enzymes, were selected 
from the pKTH 1 220-plasmid DNA, and some of these fragments were transferred by further 
cloning into pAT153 plasmid (Maniatis et al.. Molecular Cloning. A Laboratory Manual Cold 
String Harbor Laboratory, p. 6, 1982) and some to M13 phage. Fig. 10 shows the recombinant 
plasmid pKTH1220, having a molecular length of 14 kb. In Fig. 10, BamHI, Sail and Clal 
30 represent the restriction enzymes used, and a,, a 2 , b,, b 2 and b 3 illustrate the size and mutual 
locations of the fragments produced with the aid of these restriction enzymes. The fragments 
belonging to the series b as labeled probes. Table 1 lists the sizes of the fragments and the 
vectors used for further cloning, the names of the recombinant plasmids, and their use. 

35 Table 7. 



25 



40 





Fragment 


Size 


a, 


Clal-Sall 


3.0kb 


a 2 


Sall-Clal 


2.9kb 


b, 


Sall-BamHI 


0.7kb 


b 2 


BamHI-Sall 


1.4kb 


b 3 


Clal-Clal 


1.7kb 


b1-b2 


BamHI-BamHI 


2.1kb 



Vector 



Recombinant 
plasmid 



Use 



PAT153 
PAT153 
Ml 3mp8 
M1 3mp8 
M1 3mp8 
M1 3mp8 



PKTH1252 

PKTH1250 

mKTH1242 

mKTH1239 

mKTH1248 

mKTH1245 



Filter 
Filter 

Labeled probe 
Labeled probe 
Labeled probe 
Labeled probe 



10 



1 5 



20 



25 



30 



35 



40 



45 



The fragments listed in Table 1 were isolated from an agarose gel by electroelution and were 
cloned into the appropriate restriction enzyme identification sites of the vectors listed in Table 1 

50 by using known methods. ' 50 

The fragment BamHI-BamHI 2.1kb was produced as follows: the fragments BamHI-Sall 
1.4kb and Sall-BamHI 0.7kb of the plasmid pKTH1220 were separated by gel electrophoresis 
■ n agarose gel, from which they were isolated. The purified fragments were joined to each other 
with the aid of T4 ligase enzyme, and of the 2.1kb DNA fragments produced in the reaction. 

55 those which had free ends which were identified by the. BamHI enzyme were further joined to 55 
the BamHI restriction site of the double-stranded form of the M1 3mp8 phage DNA. Thus there 
was made a recombinant phage-DNA (mKTH1245) which contains Chlamydia trachomatis DNA 
comprising two separate DNA fragments which are not located adjacently in the genome. 
However, in the genome they are located adjacent to the DNA reagents pKTH1 250 and 

60 pKTH1252 to be affixed to the filter (Fig. 11). Fig. 1 1 shows an array of sandwich hybrids 60 
which is formed when the recombinant plasmids and recombinant phages listed in Table 1 are 
used as arrays of nucleic acid reagents. 

(b) Demonstration of the sensitivity of an array of nucleic acid reagents from Chlamydia 
65 trachomatis by using the sandwich hybridization method 6 5 



10 



The . ■ 

™d e ,ed s in9l e."S"d T° e sTmotefh"' ^ » KTH '"° <».) ™d pCTHuT S^Ni " 9 
probes labe ed with ■« J \\***a t L, a " equimolar amount of acetic acid Th*> • 

the following composition- 4 x Qc r n ^ 0 ° 0 , ~ tor 17 h °urs in a hybridization snl.,t^« k • 
and 200 «/ m , herring sperm^ DNA iS^ml:^ 02 ^ ™«™™TZ<£s££ 
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20 



Specimen 



molecules/test b 



Hybridized radioactivity, 
vith (b) an the proh a 



25 



30 



10° 
10 7 
108 



35 b. 



40 



V b 2 
b 1# b a 




37 
48 


37 
44 


33 

48 | 


49 


39 


226 
1475 


236 
1415 


232 
1456 


93 

396 

2912 


68 

416 

2637 



380,000 cpm/test; 
340,000 cpm/test; 
350,000 cpm/test; 
310,000 cpm/test; 
700,000 cpm/test; 
700,000 cpm/test; 



5 
4 
5 
7 



X 10 7 cpm/ eg DNA 
x 107 cpm/pgDNA 
* 10 cpm/pgDNA 
X 10 cpm/pgDNA 



52 



140 
686 
3580 



50 



Statistically calculated the 95% r^r^ ~ 
( - negative controls) was regarded as theTowJlT'' ?/ he ^ ^rmed without a sample 
cprn when the probe was b, V orb ft „!' ° f P° sitivi <y. These values wil 52-54 

probe was b t -b, and -' J 2 ? 3 ' b cpm when th e probe was b h tz* * 54 
o 2 , and o5 cpm when the probe was b,-b 2 b Pm the 



immersed in a chlamydia sample ,Tk"no W ' th c °"°"tiPPed swabs which were 

Chlamydia was cultivated fmm ,u 
sandwich hybridization lX fl .n ■X^'^"' Th * ? ri ^ specimens were also assayed bv 
tra.ed by using 2-bu,anol to Remove Luid fro ' .K C ' d fra 9 me "« s The specimens wer concen* 
2S»? 8 °*; concentration f^,fi^r , .K*:TJ, n .. BU * 3 ^Jhat the final voLme wa 
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5 hybndization reaction. The results are shown in Table™ ( ' ^ 300 ' 000 cpm/400 - 

Table 3 . 



10 



15 



Specimen 



Man 1. 
Man 2. 

20 Mar * 3. 
Man 4, 
Man 5. 
Man 6. 

25 

Woman 1 ♦ 
Woman 2. 
30 Woman 3. 
Woma n 4 . 
Woma n 5 • 
Woma n 6 . 



35 



Hybridized 
radioactivity 



Result of 
chlamydia culture 



Buffer, X J 



151 

164 

154 

61 

76 

55 

343 

509 

362 

57 

58 

81 

30-55 



+ 
+ 
+ 



+ 
+ 
+ 



10 



1 5 



20 



25 



30 



35 



40 Chi, trachomatis 
L2 bacterium, 10* 



419 



40 



45 



45 The limit for positivity in the tests was 104 cpm. 

The result in Table 3 shows that sandwich hybridization using an array of nucleic acid 

cu a rr t l S J S SU,tab,G f " dia 9™ s * venereal diseases. The samples which were ^S!?ia the 
culture tests were negative also in the sandwich hybridization test. 

50 Example 2. 

( * ONA^™™/.? UC -! /C M 8C i d "Z 9 *?* from Cxtomegglovuus, and their preparation 5 ° 
lov?ruMADT 6 S ATCC VR 538? I'rSX*™? C ^ oi ^^ were prepared from Cytomega- 
EcoRI f r*n, Ll„f '. J l R Z" 8) 7 ( ^ MV) - DNA was 'solated and fragmented by known methods. 
^ i,«?r. ' ra , 9ment 1 of about 9 kb < d * ,in ed in Spector et al.. J. Virol. 42. 558-582 1982 was 

e I T TT* 96 1 y e,ectroe ' u<ion the EcoR. restriction fragments had been 55 

separated on the bas.s of their size. The eluted DNA was extracted with phenol whereafter it 

oBRS?'S22?i with . eth " noL l h : DNA ,hus puri,ied was i° ined bv ™ ans °< ™ 3£ZE tS. 

hna P' asm 'd vector opened by using the EcoRI enzyme, and the produced recombinant- 

60 ^^^SS^S£^ Ce ! ,K ^^? y h0 l l baCtGfia - Fr ° m am ° n9 ampiciHin and etracycHn 

ou resistent but chloramphen.col sensitive clones there was selected one which contained a fin 

vru° s m DT A ° V,rUS * SPeCifiC ^ A '' nSert ° f ,he COrrect size The chara ^er of the cloned cytomega.o- 

wa i SSidSd fn its 9 ^nH m n f ^ "fo the ° NA ° f Cytomegalovirus and. more specifically, 
was included in its Hmdlll-D fragment (Oram et a .. J.Gen Virol 59 111-129 1QR5\ tk» 
65 recombinant p.asmid thus described was designated pKTH 1 27 1 :'and it was deposited « the 65 



~~7f . 

culture collection Deutsche Sami^H 

10 reagents or as labeled probes Inn 1 f™° mb "»™ plasmids. and their use either U lilt.r 
when the arrav «. nuc&lcfd Ei!U2i^ ta l^T^^ «*** * 2£5 
Tab/e 4. - . . 
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a, 
b, 

20 b 2 
b 3 



EcoRI-Pstl 
Clal-BamHI 
Pstl-Pstl 
Pstl-Clal 
BamHO-EcoRI 



(3.3kb) 
(3.0kb) 
(0.6kb) 
(1.0kb) 
(I.Okb) 



PBR322 
PBR322 
Ml 3mp7 
M13mp8 
M13mp8 



PKTH1273 

PKTF1274 

mKTH1277 

mKTH1278 

mKTH1279 



Filter 
Filter 

Labeled probe 
Labeled probe 
Labeled probe 



30 DNA, rendered single-stranded and th J f«Vi? oth pKTH1 273(a f ) DNA and pKTH1274fa ) 
mKTH1277<b,>. mKTH1278(b;^ labeIed with «.j |, sted P ln f B Lf e 

contained 10« cpm/ug DNA The hvbTiWjTat* 279{b 3 ) were used in the test. The probes each 
results are shown in Table 5.' hybr,d,23t '°" was carried out as described in Exampfe l b The 

35 Table 5. 



10 



1 5 



20 



25 



30 



35 



40 



45 



50 



Specimen 
molecules/test 



10" 

4xl0 6 

1.6x10' 



Hybridized radioactivity, 
_with (b) as the prn^ 


b l 


b 2 


b 3 


b l' b 2 


b l 


' b 2' b 3 


35 


33 


38 


45 




53 


38 


44 


<6 | 


95 




125 


85 
203 


135 
254 


142 . 
265 


205 
415 




292 
645 



40 



45 



50 



55 bl 
b2 
b3 

bl,b2 
bl,b2 # b3 



60 



310.000 cpm/test 

320.000 cpm/test 
300.000 cpm/test 
300.000 cpm of each/test 
300.000 cpm of each/test 



55 



60 



10 



in IttTl oJl" ^^^"^fx^Sjr r div i d -' P-be reagent 

hybridization with a reagent o?b b or b h h hJ? i~ * mo,e 1 c " es " ° n the other hand. 

carrier, was precipitated usino 10 ml h^r»«.„l? . released from the v.rus. together with the 
dissolved in 200 £h o TE "uffa and w? r °° m temperature The DNA precipitate was 

min. whereafter the DNA solution ^a^coo^e^ fo^O C ^nd* adH^^t th^ J* boi,in 9 h for 5 

bu^er Sa^ r P sLTs ft'™ ™f 

Sr g f ?s r tion n was n ca 9 rr ed ouf.tt S? X far 1 h^re^Jh W3S * dded t0 " A 

»^ K5= JS*" i2ed 

^^^S^^^^ — — "P * an SOS. 

mK^1^Tb7)/m^ and P KTH1274(a,) on filters and 

other respecVthe hybrS cpm /reaction. In 

carried out as described in Example - 9 ° f ,he ,,l?ers and tne counting of the results were 

The results of the present hybridization are shown in Table 6. 
Ta6/e 6. 



15 



20 



25 



30 



35 



Specimen 



Hybridized 



Infected cells (10 s ) 

Urine 1(10 ml) 
40 Urine 2(10 ml) 

Urine from a healthy 
person (1 0 ml) 

Lung biopsy specimen 

Control cells 1 0 s 
45 No specimen 



radioactivity 


Virus isolation 


3521 


Not done 


243 


CMV 


3215 


CMV 


52 


Not done 


535 


CMV 


68 


Not done 


65 


Not done 



demoYsu^ b * «** array of nucleic acid reagents, to 

interfere with the speclhty oi P tS "J I any -way ^ '" *"* tVPe of Spedmen does not 
CLAIMS 

acid fra^mLms 3 ^ Cnaracterized in that they comprise arrays of alternating nucleic 

mo 2 re serteltf autaTfwobuToSbiv C ' 3im charact ? n '* ed ' m that the V uprise two or 
— ,y homofa— Z^?^^^ SS&S one 



55 



60 



65 
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15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



65 
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labetadarray. of nucleic acid fronts 

ar r £E?SH^ , ^ , ^ or4 char ™ in ,hat they c « 

5 the recombinant plasmfd pKTH^220 orde?'")^ 2 - 3 or 4 characterized in ,hat thev com • 
10 "-Pri/^co^ 3,4. 5 or 6 characterized in that they 

*™h?iVstf&<™ — of this ho 6 s ^ e^^^S! 5^ 

1 5 .dentificaUon'o^eveS di^?n°T aCC ° rdin9 to c,aims L 2, 3 4 5 ' 6 7 or R f k 

10 Th d,fferent nucleic acids. Y UC ' e ' c ac,d fragments sufficiently homolo 

20 methods demons* °< <— d in tne U^atlon I 

sandwi c ^ b Tdi^,^ , m C et r o l re c a h 9en,S aCC ° rd ^ to claims 1 . 2. 3 4 5 6 7 or 8 - 

nucle.c acid fragments comprises: ch aracter,zed in that t 

(a) the isolation of a selert*»H n„.u- 
30 (b) the cloning of the sSeSed r 3C ' d ! ° f Suitab,e '^h 

(c) the fragmentation of ,h nuclei ' nt ° Sui,able v ««ors 

(d) the combination^ "the suSl dS b Y Using a restriction enzymes 

14. A method for the Drpnar a t;« rt * 

• ,rom wh ^h copies may be obiained. 



5, 



the preparation of the arrays of 
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